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Four platinum(II) complexes of the general
formula cis-[Pt{(Ferr) 2PhP}(DMSO)X2], where
X2 = Cl2, C2O4, O2(CO)2(C6H11)2 and O2(CO)2-
CCH2CH2CH2, have been synthesized and
characterized physicochemically and spec-
troscopically as the first heterobimetallic plati-
num(II) complexeswith the ligand diferrocenyl-
phenylphosphine (Ferr = ferrocenyl). These
complexeswere testedin vitro againstleukaemia
cell line P388using the MTT assay.The results
obtained were comparedwith thoseof cisplatin,
carboplatin, oxaliplatin and 5-fluorouracil.
Copyright # 1999John Wiley & Sons,Ltd.

Keywords: platinum(II); complexes; difer-
rocenylphenylphosphine;DMSO; leukaemia
Received5 January1998; accepted21 April 1998

INTRODUCTION

Sincethe Rosenberg’sdiscovery1 that cis-dichlor-
odiammine platinum(II) complex, i.e. cis-
[Pt(NH3)2Cl2] (cisplatin) has potent antitumour
activity, severalamino–platinumcomplexes(Fig-
ure 1) were prepared and examined for their
antitumour activity. Hence, carboplatin,
[Pt(NH3)2{O2(CO)2CCH2CH2CH2}], and oxali-
platin, [Pt(DACH)C2O4] or oxalato(1R,2R-cyclo-
hexamediamine) platinum(II), have been dis-
covered2,3 and are used as drugs againstcertain
typesof tumours.

Other platinum complexeswith variousneutral
aminoligandshavebeensynthesizedandtestedfor
their antitumouractivity with mixed success;they

havebeencoveredby at leasttwo reviewarticles4,5

andnumerouspatents,e.g.Refs6–8.
Complexes with neutral ligands other than

nitrogencontainingones,e.g.phosphine,havealso
beensynthesizedand testedfor their antitumour
activity. The metallophosphine1,1-bis(diphenyl-
phosphino)ferrocenehas been widely used as a
mono-anddi-phosphinoligand in the synthesisof
heteropolymetalliccomplexeswith gold,9–11 plati-
num12,13 and other metals.14 Complexes with
diferrocenylphenylphosphine, (Ferr)2PhP, were
uncommonand as far as the literature is con-
cerned no platinum complexeswith this ligand
have been reported. We therefore attemptedto
prepare some platinum(II) complexes of this
ligand of the generalformula cis-[Pt{(Ferr)2PhP}
(DMSO)X2] (X2 = Cl2, C2O4, O2(CO)2(C6H11)2
and O2(CO)2CCH2CH2CH2) and to examine the
antitumour activity of these complexesagainst
leukaemiacell line P388. Preliminary work was
presented, in part, at conference15 and else-
where.16–18

EXPERIMENTAL

The1H, 13C and31PNMR spectrawererecordedat
JordanUniversity, Amman, Jordan,on a Bruker
300MHz spectrometer,using CDCl3 as a solvent
with tetramethylsilane(TMS) as an internal stan-
dardfor 1H and13C NMR andtrimethyl phosphine
(TMP) asanexternalstandardfor 31P.

Figure 1 Amino–platinum complexes with antitumour
activity.
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IR spectrawere recordedon a Nicolet (Impact
400) FTIR spectrometer in the range 4000–
400cmÿ1 using KBr discs.Elementalanalysesof
thecomplexeswereperformedat theUniversityof
Ulm, Germany.

Starting materials

The compoundsPtCl2, K2PtCl4, H2C2O4�2H2O,
C6H11COOH and CH2CH2CH2C(COOH)2 were
commercial products (Fluka) and were used
without further purification. The compounds
cis-[Pt(DMSO)2Cl2], [Pt(DMSO)2(C2O4)], cis-
[Pt(DMSO)2(C6H11COO)2] and cis-
[Pt(DMSO)2{O2(CO)2C-CH2CH2CH2}] (DMSO-
dimethyl sulphoxide)were preparedas described
in our previouswork.19

The complexescis-[Pt{(Ferr)2PhP}(DMSO)X2]
werepreparedaccordingto Scheme1.

Preparation of cis-
[Pt{(Ferr)2PhP}(DMSO)X2]

Eachcomplex cis-[Pt(DMSO)2X2] (X2 = Cl2, C2O4,
O2(CO)2(C6H11)2 and O2(CO)2CCH2CH2CH2)
(5 mmol) was suspendedin chloroform (40mL),
the ligand (Ferr)2PhP(5.02mmol) wasaddedand
themixturewasstirredvigorouslyunderreflux for
ca 60min until dissolution was complete. The
reactionmixturewasfilteredthroughsilica gel, the
clearorangesolutionthusobtainedwasreducedin
volumeto ca 10ml andn-hexanewasaddedto the
point of turbidity. The mixture was left in the
refrigerator overnight and the yellow–orange

Scheme1 The preperativeroutefor complexes1–4.

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 63–68(1999)

64 T. A. K. AL-ALLAF AND L. J. RASHAN



crystalsthus formedwerefiltered, washedseveral
timeswith n-hexaneanddriedundervacuumat ca
80°C for severalhours.

Biological work

Complexes
Thefour complexes1–4(Scheme1) weredissolved
in 10% DMSO. Serial dilutions of 0.1, 1.0 and
10.0mg mLÿ1 were used and Millipore (0.2mm)
filtered under laminar flow conditions.Reference
standards[cisplatin,carboplatin and 5-fluorouracil
(5-FU)] werepurchasedfrom Bristol MyersSquibb
(USA) andoxaliplatin wasprepared,characterized
andpurified (HPLC) in our laboratories.

Cell lines
P388 cells were kindly supplied by Dr S.
Tsukagoshiof the JapanFoundationfor Cancer
Research.They were maintainedin RPMI-1640
medium (Nissui PharmaceuticalCo. Ltd) and
supplementedwith 5% foetal calf serum(Mitsu-
bishi ChemicalIndustry Co. Ltd) and kanamycin
(100mg mLÿ1).

Cytotoxicity assays
The cells (3� 103 cells/well) were cultured in
Corning disposable 96-well plates containing
100ml of growth medium per well and were
incubatedat 37°C in a humidified atmosphereof
5% CO2. Variousdrugconcentrations(10ml) were
addedto theculturesat day1 after the transplanta-
tion. At day 3, 20ml of MTT (3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide
solution (5 mgmlÿ1) per well was addedto each
culturedmedium.After a further4 h of incubation,
100ml of 10%sodiumdodecylsulphat–0.01M HCl
solutionwasaddedto eachwell andthe formazan
crystalsin eachwell weredissolvedby stirringwith
a pipette. Absorbance was measured with a
microplate reader(Tohso MPR-A4i) with a two-
wavelengthsystem(550 and700nm). In all these
experiments,three replicate wells were used to
determineeachpoint.

RESULTS AND DISCUSSION

Thephysicalpropertiesof complexes1–4arelisted
in Table 1 and their NMR data are compiled in

Table 1 Physicalpropertiesof complexes1–4

Yield M.p.
Analysis(%) Found(Calcd) SelectedIR bands(cmÿ1)a

Complex (%) (°C) Formula C H n(S= O) n(C = O)

1 95 184–190(dec) C28H29Cl2PSOFe2Pt 40.9(40.7) 3.5 (3.7) 1139s
2 88 170–180(dec) C42H51O5PSFe2Pt 49.9(50.2) 5.0 (5.1) 1145s 1627m
3 76 210–230(dec) C30H29O5PSFe2Pt 42.8(42.9) 3.6 (3.5) 1140s 1706s, 1675s
4 88 212–220(dec) C34H35O5PSFe2Pt 45.2(45.7) 4.2 (3.9) 1145s 1660s, 1643s

a For IR bands;S, strong;m, medium.

Table 2 1H and31P NMR data,a, d (ppm) andJ (Hz) of complexes1–4

1H NMR 31P NMR

Complex
d(CH3/DMSO)

[3J(Pt-H)] d(C5H5)
d(CH(2',3'))
(CH(4',5')) d(C6H5) d(Others) J(Pt–P)

1 3.5s (6H) 4.3s (10H) 4.5dsep(4H) 7.3–7.5m 3768.5
[21.5] 4.6dsep(4H)

2 3.2s (6H) 4.3s (10H) 4.6dsep(4H) 7.4–7.9m 1.1–1.9m (C6H11) 3907
[20.5] 4.6dsep(4H)

3 3.4s (6H) 4.4s (10H) 4.3dsep(4H) 7.5–7.7m 3898.5
[21.6] 4.5dsep(4H)

4 3.3s (6H) 4.4s (10H) 4.3dsep(4H) 7.5–7.8m 2.0q (2H) (CH2) 3933
[20.6] 4.6dsep(4H) 2.9dq (4H) (CH2)2

a Downfield from internalTMS for 1H andfrom externalTMP for 31P NMR, usingCDCl3 assolvent;s, singlet;m, multiplet; q,
quintet;dq, doubletof quintets;dsep,doubletof septets.
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Table 3 13C NMR data,a d (ppm)andJ (Hz) of free (Ferr)2PhPandcomplexes1–4

Ferroceneassignments Phenylassignments Carboxylateassignments

Compound
DMSO
d(CH3)

b d(C5H5)
d(C1')

[J]
d(C2')

[J]
d(C3')

[J]
d(C4')

[J]
d(C5')

[J]
d(C1)
[J]

d(C2)
[J]

d(C3)
[J]

d(C4)
[J] d(C1) d(C2) d(C3) d(C4) d(CO)

(Ferr)2PhP 69.1s 77.9d 72.0d 69.9d 70.5d 72.7d 39.2d 133.9d 127.9d 128.8b
[4.5] [12.3] [3.9] [3.2] [15.7] [8.7] 21 [7.6] —

1 46.5s 70.5s — c 74.6d 70.7d 71.8 74.8d — d 131.7d 127.7d 130.9b
[18.9] [9.8] [8.3] [16.7] [11.3] [11.6] —

2 45.0s 70.5s — c 73.3d 71.1d 71.1d 74.5d — d 131.9d 127.7d 130.7d 46.5b 29.9s 25.9s 26.1s 180.4s
[10.9] [9.1] [9.1] [13.0] [11.5] [11.7] [2.9] 30.2s 26.0s 26.2s

3 45.0s 70.4s — c 73.3d 71.2d 72.5d 74.8d — d 132.0d 128.2d 130.8b 165.1s
[12.5] [9.5] [8.6] [11.0] [11.3] [11.7] —

4 44.0s 70.3s — c 73.8d 71.0d 72.3d 74.4d — d 132.0d 128.0d 131.5d 55.0s 31.0s 16.0s 176.3s
[12.4] [9.5] [8.2] [10.1] [11.2] [12.4] [2.3]

a Downfield from internalTMS, usingCDCl3 assolvent;s, singlet;d, doublet;b, broadsignal.
b The 195Pt–13C couplingconstantscould not be obtaineddueto insufficientsignal-to-noiseratio.
c Signalobscuredby thesignalsof CHCl3.
d Signalobscuredby noise.
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Tables2 and3. Thereactionof cis-[Pt(DMSO)2X2]
with 1/mol of the ligand (Ferr)2PhP affords
complexes1–4 in which the phosphine ligand
displacesone DMSO molecule. The remaining
DMSOmoleculein thesecomplexeswasidentified
by its n(S=O) IR absorptionband,which appears
clearlyat ca 1140cmÿ1, indicatingS-bondingwith
platinum.20 Furthersupportfor this argumentis the
protonsignalappearingin the 1H NMR spectraat
' 3 ppmandJ(195Pt–SC–1H) 21Hz, indicatingthe
presenceof coordinatedDMSO in the complex
with S-bonding.21 Similarly, the 13C NMR signal
for coordinated DMSO which appearsat d'
45ppm gives additional supportfor the presence
of a DMSO moleculein thecoordinationsphereof
thecomplex.

The 1H and13C NMR data(Tables2 and3) for
theorganicspeciesof thecomplexes1–4arewithin
the expectedrangesof valueswith small differ-
ences.For example,the 13C NMR datafor carbon
atomsof boththeC5H4 ring (attachedto phosphine)
and the C5H5 ring (of the free ligand) (Table 3)
show some downfield shift (ca 1.5ppm) with
higherC–Pcouplingconstantsuponcoordination;
this is clearlydueto coordinationof phosphinewith
platinum.It shouldbenotedherethatthe13C NMR
data(Table3) of thecyclohexanepartof complex2
showsanunusualfeature,in the13C NMR spectrum
revealsthe presenceof two different cyclohexyl
groups(two signalsfor eachof C2,C3,C4and a
broad one for C1). This does not mean that a
mixtureof two complexestogetheris presentin the
solid staterather than one complex with the cis-
configuration, since all the spectroscopicdata
indicate the presenceof one isomer. It is more
likely thatboththecyclohexylgroupsof complex2
have two different stereo geometries,i.e. non-
symmetricalgroups.The 13P{1H} NMR spectraof
all thecomplexes(1–4) revealthepresenceof one
simple triplet of intensities ca 1:4:1 with

J(195P–31P) values ranging between3768.5 and
3933Hz. This meansthat, in all cases,a single
componentis presentin solutionandalso that the
largeJ value(above2500Hz) assigningclearlyto a
cis isomer,ratherthana trans isomer,is present;14

the two electronegativegroupsClÿ (complex1) or
Oÿ (complexes2–4) arein acis relationshipto each
otherandin a transrelationshipto bothDMSOand
(Ferr)2 PhPligands.

It should be noted that many unsuccessful
attemptswere madeto reactcomplexes1–4 with
nitrogen-containingligands, e.g. pyridine, cyclo-
hexylamine,3,5-dimethylaniline,3,5-dimethylpyr-
azoleandthe alkaloidsharmalineor harmine.The
aimof theseattemptsis to obtainnewcomplexesby
replacingthe remainingDMSO moleculeof com-
plexes1–4 by nitrogenousligands.16,17,18It seems
likely that the bulky ligand (Ferr)2PhP does not
allow extra accommodationfor thesenitrogenous
ligandsto coordinatewith platinumin placeof the
smallerDMSO ligand.

Cytotoxicity evaluation

The cytotoxic activity in vitro of complexes1–4
wasevaluatedagainstthe leukaemiccell line P388
usingthe(MTT) assay.Theresultsaresummarized
in Table4, with valuesfor the referencestandards
used in the presentstudy: cisplatin, carboplatin,
oxaliplatin and 5-fluorouracil (5-FU). As Table 4
shows,1–4 all exhibitedcytotoxic activity against
the leukaemiccell line, but complexes1 and 4
possessan excellentactivity whencomparedwith
complexes2 and3. TheIC50 valuesof complexes1
and 4, i.e. 0.21 and 0.23mg mLÿ1, respectively
display activity more than threeordersof magni-
tudestrongerthancarboplatinandoxaliplatin. On
the other hand,they showedmore or lesssimilar
activity to thoseof cisplatinand5-FU.Theseresults
arethereforeverypromisingandfurtherstudiesare
in progress in our laboratories to test these
complexesagainstother cell lines, suchas A549
(lungadenocarcinoma),SW948(coloncarcinoma),
KB (oval epidermoidcarcinoma)andT47D (breast
carcinoma).

Acknowledgments The authorsare very grateful to Dr H.
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PharmacyandLife Science,Tokyo 192-03,Japan,for his kind
help in performingthebioassayof complexes1–4.

Table 4 Cytotoxic activity against the P388 cell line of
complexes1–4, with references

Compound IC50 (m g mLÿ1)

1 0.21
2 5.0
3 1.8
4 0.23
Cisplatin 0.17
Carboplatin > 10
Oxaliplatin > 10
5-FU 0.15
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